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CELL BIOLOGY

B1. (2.7 points)
The Western blot below shows migration distances of five signal molecules (a~€) involved in a growth

hormone-regulated cell-signaling pathway.
TS 5 SRR AR AE REUR TS BUSN R P AR R Ry EE+ (a~e) - HZ[HRYEE)

PEAE -

‘?.b.c.d.e

To determine the order of molecules (a~€) in the signal cascade that occurs upon the growth hormone
treatment, cells were treated with different inhibitors (I~IV) of cell signaling. The following blots
show the changes in signal molecule expression patterns resulting from inhibitor treatment.

By THEffE TREER DT (a~e) SBUHERIAPEAVAREREIRTE - 73 RIAIA PUREA [F] A HIH R
(I~1V) EITEEFEE I - TE oAl MWEIEE 2RSSRy )7 SR RS R -
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B1.1. (1.5 points)

Fill in the boxes in the answer sheet to show the order of proteins (a~€) in the signaling cascade.

FEEFRMATHT - B E EHE (ae) HYAHE -

B1.2. (1.2 points)

Fill in the circles in the answer sheet to show the site where each inhibitor (I~IV) exerts its action.

FEB A GBS - H B HIHE (1~1V) BIfHE -
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B2. (2.4 points)
Match the molecular constituents (a~f) on the right with the cellular structures (A~D) that maintain

cell morphology on the left. Each cellular structure can have more than one molecular constituent.

fcad > hiE (@f) (F T - 28 (A~D) (A% 4l - & HdiREH g s

2R T2 -
a. Cadherin $5%LEEH
A. Cytoskeleton 4ffE 22 b. Cellulose 442
B. Cell wall 4% c. Collagen FE[FEH
C. Desmosome junction AfIf&HES d. Actin FLEIEH
D. Extracellular matrix FE4NLE e. Keratin %
f. Lignin REZ
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B3. (1.5 points)

In the figure, the letter in each box represents an organ or tissue.

Match each listed organ or tissue in the answer sheet to the correct box in the figure.

Fo&i - NES - B RIERAFR 5B BEHE - fEERR TR B fVToCr s B aE
SEHER R THRCH -
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B4. (2 points)
When E. coli is grown on a medium containing a mixture of glucose and lactose, it shows complex

growth kinetics, as shown in the graph below.

NE R ARIBEE A AR AR S H R A b AR AR -
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B4.1. (1 point) Which pair of graphs correctly shows the changes in glucose concentrations in the

medium and B-galactosidase activity within the cells?

THIAREEE T A REREREMEN B FAMENSIEIRAICE > (18 ERE
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B4.2. (1.2 points) The graph below shows the expression pattern of lac mRNA in wild-type and mutant
E. coli cells after lactose is added to a glucose-depleted medium.
Tl B AR AU B SR SRR KRS R AT A e P 3~ O IIFLBE Y BS A T lac mRNA HYRRER

3 -

Indicate with a checkmark (\/) in the answer sheet whether each mutant is able or unable to show the

mutant expression pattern.

HRE THINUREZE S B AEIEMERIA 2e88tk 3l » BB R4L L ERER D % -

Mutant  ZE8H%

I. An E. coli mutant in which the repressor is not expressed.

AR

II. An E. coli mutant in which the repressor can bind to the operator, but not to lactose.
kTG ERF 45 G - BRMABAMES

III. An E. coli mutant in which the operator is mutated so that the repressor cannot bind to the operator.

HRIE TS - TR G

IV. An E. coli mutant in which RNA polymerase cannot bind to the promoter of the lac operon.
RNA EERAS AERGH R E 6 E

10
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BS. (1.5 points) Transcription and translation of a gene in a prokaryote cell are depicted in the picture

below.

T R A SR R AR A S B

Indicate with a checkmark (V) in the answer sheet whether each description is true or false.

R YRR - S 24 - IERE 50 8888 08 DLV fE% -

Description  #7lt

I. The direction of transcription is from (B) to (A).
a7 E (B) [ (A)

II. Location (C) of the mRNA is the 5' - end.
(C) firff mRNA 1 5 U

III. The polypeptide on ribosome (D) is longer than the polypeptide on ribosome (E).
1t (D) paixitEfe ZIRH#ELE (B) R &

11
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B6. (2 points) A part of the nucleotide sequence of one strand of a double-stranded DNA molecule and

the corresponding amino acid sequence are shown. The table shows a portion of the genetic code.

IRy DNA thAy B RAZ IR S E BRI - Rob R0 (A B AL B Y|

Codon position i VA a b c d
DNA strand DNA R% 5 TTT AAG TTA AGC ... 3'
polypeptide i L Phe Lys Leu Ser ...
Codon Amino acid
HHT et
uuu Phe
UUA Leu
AAG Lys
AGC Ser

12
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Indicate with a checkmark (\/) in the answer sheet whether each description in true or false.

FRH FFIVURRRGI - S 24 b TPRE 2 885k 0 DLV 1R -

(Assume that the length of the DNA is the same as that of its primary transcript.)

(AIERTE RS RE T DNA FEE Mk B2 [FHY)

Description Rt

The DNA strand shown is a template strand.
2 M DNAJE Ry T gk 2 15AR

II. If the G+C content of the DNA strand shown is 40%, then the A+T content of its
complementary DNA strand is 60%.
il DNA 1y G+C S8 5 40%  AIERYA Al DNA 1 - A+T HYEEBIS 60%

II. If the G+C content of the DNA strand shown is 40%, then the A+U content of the primary
transcript is 60%.
izt DNA By G+C &8 F 40% @ AIEERHImRNAH A+U HIEEBTRy 60%

IV. The nucleotide sequence of mRNA is 5'....... UUU AAG UUA AGC ....... 3.

mRNA B HIERFY B 5 ... UUU AAG UUA AGC ....... 3"

13
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B7. (2 points) The picture below shows the process of generating a transgenic plant harboring gene X
using the Agrobacteria Ti-plasmid.

TEAFN BRE Ti 8 B4EEA X EEENEYIDE -

14
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B7.1. (1 point) Which explanation about this process is true or false?

R NSRS - S S ZEAt b TPRE 2 88k R DLV (RS -

Explanation fi#fE

I. Restriction enzymes and ligase are used to make the recombinant DNA.

PRAIEGELE SRS 2K EL] DNA

II. Plant tissue culture techniques are used to differentiate the leaf discs into a plant.

TEYIRE SR Bl nT e e — NI EE /7 0 B RAE R

III. The whole recombinant Ti-plasmid harboring gene X gets integrated into the plant

genome.

HA X ERAVEEEENH Ti B ] DS A AR S

IV. The introduction of gene X into the transgenic plant genome can be confirmed by

using genomic PCR or genomic Southern blot analysis.
ATLIA ARG PCR Bidmg 7 S5 BE - Rl B ARG T et BA
X AR

V. The expression of the introduced gene X in the plant cell can be checked by using

RT (reverse transcriptase) -PCR, Northern blot analysis, or Western blot analysis.
ATLIFIAS RT (BZEi5)-PCR ~ 677 SERASPE T S80% - e HItEYIdlAE 2
HEA X HEIES

15
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B7.2. (1 point) Evaluate whether the following description is true or false for a plant expression vector

in general?

AR TR RATEYRIREEATL - S5TEE 24 b TERE o0 858 iR DUV 1% -

Description Ryt

I. It should include the selection marker gene that is needed for selecting the

transformed cell.
R ELA B B AR R I i SR A R Y 4
II. It should include a promoter that can express the introduced gene within the plant cell.
R T AR R R T YR R
III. It usually contains a multiple cloning site used for insertion of the foreign gene.
el 2 B R TE (1 BB A A S MR

IV. It should have the same nucleotide sequence with the specific part of the plant genome

because the foreign gene is inserted by homologous recombination.
T — B BRI R NAG T 52 S EIV R HIR Y N R MR N R B R IR
AR LUH B B8 4H R HE T T AR A

V. It should have the replication origin needed for cloning during the process of making

the recombinant vector.

BB HEGE S E R R R B A S

16
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B8. (1.5 points) Caulobacter bacteria undergo a special cell division. Division of the mother cell results
in two different daughter cells: a ‘roaming’ (r) cell and a ‘pedicle’ (p) cell. Roaming cells permit
Caulobacter to spread out. Pedicle cells stay and use the pedicle to stick at that place. The picture

below shows how roaming and pedicle cells divide.

i AR RN 3TTE > YRR P R R AR ¢ REhAIA () EEEE A

li-

(p) » FHAINE G BRI L - S A FE AR S R R A I - B B 4

N

REf > 3057540 N EFTR -

17
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The division cycle period when starting with a roaming cell (r = 90 min) is longer than when starting

with a pedicle cell (p = 60 min). The extended length of period (r) is because the roaming cell
AR > IR R A — - TFEHAAEREE 90 s - A ECELINEAT Ry 60 Sy
BN R R R A R LR R

A. produces more DNA than the pedicle cell.
BARCEAIHAELL - FRE GRS DNA
B. produces a pedicle before division.
P H RIS e A FE A

C. produces a flagellum during division

ST THRELME.

For each of the above explanations, indicate with a checkmark (\) on the answer sheet whether it is

true or false.

FRHAR i =fEE %

SEATE AL IERE B 58 i DN (FE

18
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B9. (2 points) In the experiment described below, cells (1) were put in a medium with a salt concentration
lower than the cytoplasm, causing them to swell and rupture at one location (2). Ruptured cells were
then washed out and resealed to form ‘ghosts’ (3). This process also produced smaller vesicles whose
membrane was either right-side-out (4) or inside-out (5), depending on the ionic conditions of the

solution used for the disruption procedure.

WM EFTR > AERRER (D @ SRR R TR - R DIAHHE & A i AR 52
(2) > BERHVAIREOEE R R G BTG > TPACRAIIE (3)  EA RAMERE T g R 2/ &
o B NEERRBAETE T - G R AR R E A IR RSN (4) BN (5)
P -

Prepared ghosts/vesicles were then mixed with a radioactive labeling reagent that is water-soluble,
and could covalently attached to protein (3~5). The proteins embedded in the membrane were then
solubilized with detergent and analyzed by SDS polyacrylamide-gel electrophoresis. Segregated

proteins were visualized by Coomassie Blue staining (I) and autoradiography (II).

TE A SLARREE R B BN EE | > — /KA Y ERRNINE AR T - FELREREES
HAENTE (3~5) - HEE S bR E O FI DS BEARAEEU% - DL SDS 8k 5r 8 - IR
HEZH| (Coomassie Blue) Hvtt (I) EAHEHEERS () 55 NE -

19
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Which of the proteins (a~€) is/are transmembrane protein(s)?

EHE (a~e) H o MHEFHEL ?

A. Protein b b
B. Protein ¢ C
C. Protein d d

D. Proteins a~e a~e

E. Protein a and proteine a i e

20
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B10. (1.5 points) Subcellular organelles and their cellular components can be easily separated by the
size-fractionating differential centrifugation method, as depicted below. During the process, four pellets

(nucleus and 1~3) are formed.
{5 B Ot > AR AN SRR IS S e m] DURH e B AR Rl o T TI& 00 » R E 5750 NIEIFT

HERGREINUED R (SN B0 0RY) 1~3)

21
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The table below shows descriptions about subcellular organelles collected in different centrifugation

pellets.
NREARYIZ L URY) 1~3 AV

Pallets Description  f##it

LY

Nucleus An organelle containing a linear DNA harboring telomeric sequences.

HHEAZ HAUFFHIEIE5IR DNA

Pellet 1 An organelle inheriting its genetic information by maternal inheritance.
DY) 1 BABEANEBEEYE A R ZE SR R Hes

Pellet 2 An organelle performing glycosylation of most proteins.
DB 2 B KSR E Y E B RS

Pellet 3 An organelle composed of two subunits and synthesizing proteins.
Y 3 BA WIE 2L H 2 8E 08 &Y ies

Provided that the subcellular structures are not disrupted during the centrifugation process, determine
whether descriptions A, B and C of different subcellular structure in the pellet are true or false taking

above information as a reference. Mark the appropriate box with a checkmark (V) in the answer sheet.

Ea R EERE P A B RIS - TRAEAR JURY) 1~3 BIDhRER - SHEEZER L

SIE b 1 A B B C (il - FIBrEZEE ERE 50 885 J6DL N 1R -

Pellet Description  fifi7it
JUE)
A | Pellet 1 An organelle containing a bunch of proteases, lipases, and nucleases.
DU 1 aHEAN - AR XL
B | Pellet 2 An organelle carrying an enzyme catalyzing the conversion of hydrogen
I 2 peroxide (H,0,) to water and oxygen
2A i b S b S bROKAYEE R Z AES.
C | Pellet 3 The infected intracellular virus covered with viral coat.
DY) 3 S AR EINEE B AR P B

22
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B11. (2 points) The Sall and Xhol restriction map of a 5 kb linear DNA molecule is shown below.
—F% 5kb 44k DNA HRR HFG e -

The 3.5 kb DNA fragments obtained from a Xhol digestion were ligated with the 1.0 kb DNA
fragments obtained from a Sall digestion. The resulting 4.5 kb DNA molecules were digested with
Sall. Write down all the different lengths of DNA fragments you can get from this digestion. (Assume

that restriction enzymes completely cut all the DNA molecules, and ignore blunt-end ligation.)
—FEZ HLL Xhol B9UJHY 3.5 kb DNA 7 EZflI55—EL HPL Sall By 1.0 kb DNA J Ef%e -
It 4.5kb #Y DNA F BAEH Sall SEfFTR » ATRES-ZIRY DNA R EER/IN B Fyfa] 2
(IR HIEGRIFTARY DNA fEFISES: » [FIIF A SR )

23
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B12. (1.5 points) The following graphs show the quantitative change in DNA content at each of four

stages in the cell cycle (G1, S, G2, M).

NE ST AR EA FERHAEAER (GL, S, G2, M) RNy DNA S EAEsE

Select the graph (A~D) representing the stages described in I~II1.

SEGTYIRGT I~0 SHE B A~D > {F IERE BT Vo

Cellular activity and response  Affff;E P B 57 i

I. Taxol treatment, which prevents microtubule deploymerization, arrests the cell at this stage.

[EFWE XS {EEER] Taxol pxH - YIHEEIEREAEEEMEE:

II. With a mitogen treatment, such as an epidermal growth factor, an arrested cell at this stage

proceeds to the next stage of the cell cycle.

(R HEAINE YRR - B0 ERZARE AR RINT - 4IRS (F RS (E P Bl e e AT — (&R
Bz

III. The cell cycle check point at this stage confirms that DNA duplication is complete before the cell

proceeds to the next stage.

e (PE e B AR R8s DAESRAEE A N —(EPE ELRT > G52l DNA ESEpitE R

24
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PLANT ANATOMY AND PHYSIOLOGY

e B A T
B13. (2 points) A transgenic Arabidopsis plant (2n) has a total of two copies of a kanamycin-resistant
gene in its nuclear genome, one on chromosome 1 and the other on chromosome 3. For each
description of this plant, indicate with a checkmark (\/) in the answer sheet whether the description is
true or false.
B13. (2 points) — kPRI b Az (0 7+t 20y Al B i BRI 4H i 4R LA 2 0 BB Ry B b AR R AR
(kanamycin-resistant gene) » —{EZLEEG 1 ~ S5 —(EALEHG 3 L o NYISAREY Ay -

FIBTEESUR  WAEE =M EE 2P AN) -

Descriptionf{# #it

I. All pollen grains of this plant have kanamycin-resistant genes.

BHEYIRIBT A EARL A A DI A R A

II. Endosperms formed by self-fertilization of this plant have 0~6 copies of the

kanamycin-resistant gene.

BEAE IS B A S s pr A AR R AL AR 0~6 (3 FE R DT A 2R AN

III. If seeds from self-fertilization of this plant are germinated, the ratio of kanamycin-resistant

to kanamycin-sensitive seedlings is 3 to 1.

HILHEY & H R BT E AR T8 58 7 H ol PihiE R ITAE 28U EE A
F3:1

IV. A cell containing 4 copies of the kanamycin-resistant gene exists among root cells at

prophase of mitosis in this plant.

FEAEYIRER A 2 A sn o AT - ] RAifEh Ba4 s vt ZEN

25
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B14. (1.5 points) Figure a shows an ABA signal transduction pathway in a guard cell. Figure b shows
changes occurring after ABA treatment in (1) the cytoplasmic Ca’" concentrations of guard cell and (2)

stomata aperture size.

[ ki 2R ABATECREAINE YRR EIERS 1L - [EbZEABARRIR 2 12(1) Ry riE4HAETY
HRET Y Ca’ R () RREFAANEL -

For each description about ABA action, indicate with a checkmark (\/) in the answer sheet whether the

description is true or false.

THI R HRIABATEFfyfL - FIBH B - IAEE 4R L E 2T A -

U

Descriptionf{ #it

I. With ABA treatment, Ca”" is moved from outside of the guard cell into the cell interior.

ABAJRERTR » Ca® fECRAET4RAES N A

II. With ABA treatment, the concentration of K is increased in the cytoplasm of guard cells.

ABARRHET% » (REFAIFIAK RS EF
II. The K' channel (I) is outward, and the K" channel (II) is inward.

E (DZES - K EE (DA

26
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B15. (3 points) The chloroplast, a plant organelle, originated from ancestors of the cyanobacteria;

however, many proteins in the chloroplast are encoded from genes in the nuclear genome.

TEVIHEECRBR R H RSk E © 2R kAR N HVET % & 0 B 2 AR B N A R -

B15.1. (1.2 points) For each property of chloroplast DNA, indicate a checkmark (V) in the answer sheet

whether the property is similar to that of prokaryote or eukaryote genomic DNA.

DR BEAS B DN AR 14 LI E 4= 47 5L N AH DN AR MEAE DL ? (EE 2248 FIRI A WIsk B A
HE RS A)() ©

Property514:

I. The DNA is a circular double strand. DNA IR R EER:

II. Introns are found. T PLIRFE|AE T

III.  Component of 70S ribosome is encoded.  70S FZFHERSAIAH K 0] # 4 7k

IV. Usually, polycistronic mRNA is transcribed. 24/l T-HYmRNAZH i o] {7 g%

28
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B15.2. (1.8 points) Protein X, a thylakoid lumen protein, is transcribed in the nucleus and translated in
the cytoplasm. Next, the protein is translocated into the stroma of the chloroplast by signal peptide
L. In the stroma, signal peptide I is cleaved, and the remaining protein is targeted to the thylakoid
lumen by signal peptide II. In the thylakoid lumen, signal peptide II is cleaved, and the remaining
polypeptide III is usually observed.
—TEHEREEEOX EYHEZ0EEs: e iE TEEE - MRIEECIGEIERER 1
RPN EELRHCHYRYE T - AEAVE FEERERR 1T &) R THES EGwER SR T 25
FRBEAGE = - R BOE = RSN 1T SHebIEe o] N & e 210y 2 ke 11

FEREEZFEAX

Thylakoid lumen protein X

Several recombinant vectors of protein X are transformed into the nuclear genome and expressed.
For each recombinant vector, fill the blanks in the 2nd column with the cellular location (A~D)
where the expressed proteins are mainly observed. Fill the blanks in the 3rd column with the

polypeptides (E~H) observed in that location.

EHE X WP EHERC W 2 RN - R - B EAHERS - 1255
FUE AL B E AR T E AR LB D N ATYIA~D) § A£55 =M TP E AR LA & TR 22
FIHIZZ IR T FTAIE~H) ©

< Cellular location of expressed proteins > & '8 FHRAVAIHEALE

A. Cytoplasm 4if'E B. Stroma £E  C. Thylakoid membrane JHZERSHA
D. Thylakoid lumen FHZEREHEE

< Observed polypeptides >EHZL Y 25 Ik i

E. [I-1I-III F. I-III G. II-1I H. III

29
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B16. (1.5 points) Figure a shows organogenesis of plant calluses incubated on media containing
different concentrations of IAA (an auxin) and kinetin (a cytokinin). In nature, Agrobacterium, a soil
bacterium, induces crown gall tumors on the roots of legume plants. The bacterium induces these
tumors by integrating its T-DNA into the plant genome and by expressing a group of genes necessary
for gall formation (Figure b).

a BUNMEYRGHEEA FREN IAAGEYI AR R) SOsEh 2R (I R )M R B A s
% > iR EHZ 88 E - BAAERT - BREFEEEEYAIHIYEOEIREE - LA RS

T-DNA JIAEYIENGHE - T30 — ROl A A AR RR AL IR A8 b Ao -

30
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If an infecting Agrobacterium lacks or over-expresses the auxin-biosynthetic genes or
cytokinin-biosynthetic genes, determine the most expected callus phenotype (A~D) for mutations (I,
I1, and IIT) described in the table below. Indicate with a checkmark (\/) in the appropriate box in the

answer sheet.

EREAREBCYE R BGAERN HYERZGRENKMIE T HEGRER - Had s
A AT LHAVFRIA R (A~D) FI52€85(L, 11, and I0I) FRIAIBH(RAN R FRATHAAL » (252K

B2 T A (),

< Expected callus phenotypes > J#{F4H 4%k & A o] e LRI Y

A. Shooty callus £ B. Rooty callus fR

C. Undifferentiated callus FR4Fb D. Propagation-deficient callus I4¥ER~ 4

Gene mutation FE[R| 225

I. Deletion of iaaH, overexpression of ipt.

jaaH Hh4: ipt 45 S IR

II. Overexpression of iaaH, deletion of ipt.

iaaH M FI ipt R
II1. Deletion of iaaH and ipt.

jaaH & ipt Rk
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B17. (2.4 points) Plant root cell type is determined by the division and differentiation of a particular
stem cell (meristematic cell). Figure a shows the whole microscopic structure of a longitudinally-
sectioned Arabidopsis primary root. Figure b is an enlarged diagram corresponding to a region of the
inset in Figure @, showing the arrangement of root primordia (stem cells).

TEYIFRAHRE A R 245 R E R ARG (0 A2 BE IR RS HVAHAR) < 70 BB AR E » [l a 2 A
AR AR « 18 b 2 & /N TR TE RS ATRORIE » TR E AT (4T

HEEIHES IR -

Fill in the table to best match the listed function with the correct root cell type (1~6 in Figure a) and

with the corresponding initial cell (7~11) in Figure b.

R TR REE HEE--RIIGE  HEIEMRAREI(E a 69 1~6) : KEIEIRFLIHE(E b

1y 7~11),
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B18. (1.5 points) The figures below show the inner structures of pine and persimmon seeds.

I BRI R AR TR A

Indicate with a checkmark (\) whether the following statements are true or false.

fEH T HIRCRAYE SR - WAL E 22 T A (),

I.  Structures a and b are the same in ploidy, but they differ in genetic composition.

Meitsa, b 2 A EIBERIER > EHRERTHE

II. Structures @, b, and ¢ consist of two different sporophytic structures and one gametophytic

structure.

f&ita, b, and ctl & WITEA [FIE T Ba s K —lic TAeisis

III.  Structures X and y are the same in both ploidy and genetic composition.

fAiEx and YEACBG BB FL N B AE[R]

IV. Structure z is three-times higher in ploidy than structure C.

S CRG B RUERE ¢ BY3ME

V. Structures a and X are both surrounded by the ovary.

fiiga and XESH 5 B
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ANIMAL ANATOMY AND PHYSIOLOGY

B19. (1.8 points) Human blood can be separated into three parts using a table top centrifuge, as shown

in the following figure.

(1.8 93 ) s EAIEE OB mT R AR IR T Bl 3 (B0 - 40 N R -

Of these blood parts (a~C), select the part that contributes most to the listed functions of blood.

Answer by placing a checkmark (V) in the appropriate box in the answer sheet.
L =33k (ac) » AJBe(\)EL T 5 AT FII B AR LA hAE M & » EABZS L -

Function ZIfRE

I. Antibody production.
A EDEGTIRE -
II. Transport of carbon dioxide.
A (bR -
III. Transport of iron.
LA

IV. Transport of oxygen.

A -

V. Blood clotting.
IR AENE] -
VI. Neutralizing snake venom.

I -
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shoulder joint(g)
ulna ..
‘ elbow joint( /)
radius _ w
radio-ulnar joint(¢)
Type of joint
A Ball-and-socket joint
. knee joint(d)
b1 B Hinge joint
fibula
C Pivot joint
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B21. (2.4 points) Chordates are distinguished from other animals by 4 distinctive key
morphological characters.

(24 77) BERIVEAEMBIVIAFEFL 4 FER A TIRER L -

B21.1. (1.2 points) Choose the 4 key morphological characters from the following list and write their
member in the left-hand column of the table in the answer sheet.

(1.2 453) M NRAp SRR 4 MR RAVIURGIES - RS G LAY AR -

Morphological character FIHERF{#

1. Cirri, 5% 2. Brain, & 3. Pharyngeal slits, MKZY 4. Gills, fif
5. Notochord, %% 6. Intestine, /N\ig% 7. Tubular dorsal nerve cord, & RET FHI&EZS

8. Anus, ALY 9. Tail. &

B21.2. (1.2 points) The morphological characters of a lancelet (Branchiostoma) are shown in the
illustration below. Find each of the morphological characters that you listed in the table (from
B21.1) - write the corresponding letter code in the right-hand column of the table in the answer
sheet.

(1.2 73) TE RSB FEVEIRE - B B21.1 RPFTYIRVRHBEE A - R E PRz
FXARIEAEFE AR -
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B22. (2 points) The graph below depicts the pressure changes in an aorta, left ventricle, and left atrium

that occur concurrently during the mammalian cardiac cycle. Below the graph are sketches of the

heart illustrating blood flow and valve state (opened/closed).

(2 53) TEFREHAEY AN - ZEIRA 0 A OB ILERRI I 1 - & 5 R
BURNE R OBAYIIIRTT R R (FA/EA) HUIRRE Z fElE -

Match each numbered event in the cardiac cycle graph with the letter of its corresponding heart sketch.
Write the corresponding letter code in the right-hand column of the table in the answer sheet.

s er O AR T S B A A BIE T El (A~E) Z5iRe
&N E G LA ftayR N a Y -
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B23. (1.5 points) Fig. I shows the relationship between weight and the specific metabolic rate of the
indicated animal species, and Fig. II shows the O, consumption rate of the indicated species as a

function of running speed (on a treadmill machine).

(15 4y) [ L ERAroIBhy e B el - 18 11 BFrsBperesans (st
FHIEEER ) HREGER -
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Read each of the following explanations, and indicate with a checkmark (\/) in the answer sheet

whether the explanation is true of false.

R IR - AIEC) R S ERSENE R L -

Explanation fi#f%

A. Atrest, smaller animals consume more energy per weight than the bigger animals consume.

FEREERS - /NBYI R RS E ARSI AR -

B. Using the same amount of food per body weight, a smaller animal can travel a longer distance

than a bigger animal can travel.

DI BSEFTS RV EAE - NSV EYIERE -

C. Using the same amount of food, bigger animals generate more ATP than the smaller ones

generate.

ERIAEE R aY) - KREEWIE A0 ATP By NUEHY)% -
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B24. (1.8 points) If an astronaut lived on a heavier and larger planet than Earth, he would experience
stronger gravitational forces. In that case, what would you expect to happen in this astronaut’s body?
For each symptom listed below, indicate with a checkmark (V) whether the symptom is whether the
symptom is expected or inexpected. (Assume that the composition of the atmosphere of the planet is
the same as that of Earth.)

(1.8 97) BERZE NEA—(EELHERE RFENESR - g B2 E 5 RIS [T FEEEARI
T RZE NI B RG G S A R L 2 i TR HIHATRER - f5 IR g B R EIRY > BREf
ETHHARY (BEZ BEK Z R R AR ERAE(E] © )

Symptom  JiE5ik

A. Increase in blood pressure.  [f[1JEREE /1

B. Decrease in the respiration rate. I R[FEA(K

C. Increase in muscle mass. FJLIA &I

D. Increase in bone density. “EHSEE N

E. Decrease in the number of red blood cell. & [Ek#E & /D

PN= =1

F. Increase in oxygen content in the blood. [l &% &I
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B25. (1.5 points) The following dissection figure shows the blood vessels in liver tissue. The three main

blood vessels are indicated by capital letters (A~C).
(1.573) TEAMEETHSTAERE - A~C BEN=(REZENNE -

Following statements describes properties of blood that flows through particular blood vessels. For
each description, indicate with a checkmark (V) in the appropriate box with matching vessel where
that blood would be found.

T FIRCH AR TURAE A [EI A AFOR BRI o ARIRAH R A 8 (V) HH i B e ) B e =
Description  #it

I. Blood with the highest oxygen content.

MR & EEE -

II. The blood shows the first increase in lipid content after the meal.
R RER HAE 2 R -

ITII. The blood shows the first increase in glucose content after the meal.
TERB GRS B MR i 2 B0 -
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B26. (3 points) A Korean professor, Charlie Shin, was bilingual, such that he is fluent in Korean and

English. He was also good at communicating using sign language. Unfortunately, he had a stroke while

taking part in discussions at the 2010 IBO International Jury meeting. Dr. Oliver diagnosed that Charlie

had damage in his left cerebral cortex which controls some part of his language output area and whole

arm arcas.

(3 53) EHER— (BT - RESReHE M ISR R - Mt (1 A B A - 1RA
SEHE > filLfE 2010 IBO EFRGE &2 Satamiks el - BAfhERT2E D AR RS B 2 IZ4E -
BEER e (FESE/ 5 ) AR T aEE) -

B26.1. (1 point) A novice nurse examined Charlie’s language ability. Select a correct diagnosis among

below.

(1453) TPt a EHAEESRE S - B NI R ILHEAY2HET -

A.

Charlie had difficulty in understanding Dr. Oliver’s talk.

A P S B o o BT it s 2R B PO PRI

Charlie had difficulty in understandings of the 2010 IBO theoretical questions written on a
paper.

I FIAEAR LATRA 2010 1BO HH 5w A 5 e _L A A% -

Charlie had a hard time to understand a word “LOVE” written on his back by Dr. YT Kim.
I ES NS E T EME_EELOVE S {H B AR LA REE -

Charlie’s ability to speak Korean fluently had disappeared.

AR A SR EEERIAE TR T -

Charlie’s ability to write Korean poems with his right hand remained intact.

A A A T A S REREHIRE T SE BRI ORET -
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B26.2. (1 point) The ability of Charlie’s sign language and the movement of upper extremity were also
carefully examined by Dr. Oliver. The results showed that he was also incapable of proper
execution of sign language expression in either way and of moving his right arm. What can we

conclude from this?
(143) EEAIFEERE K EIHEBIIRZ 2R A Hhes Edl LoVl - &SRR RER
ROt FRE—FREITFE - AF A ERE) - BELES - T TMuEsdsR ?
A. The damaged language area is responsible for both sign as well as spoken language.
REER A2 AR RE S B E AR Fah R CI5E -
B. Motor neurons in the right cerebral cortex govern the muscles of the right side.
FEAG I R B Y A B S E G IR -
C. The language comprehension region is located in the right hemisphere.
o 5 R A R (AR A R
D. His visual system is also damaged.
IR RS2 FHEE -
E. His sign language expression with left arm is alse-abnormal.

(AP SR AN By =aISC O
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B26.3. (1 point) A brain-machine interface (BMI) study using a monkey was reported in the Science
journal. An array of micro-wire recording electrodes was implanted in associative, arm movement
planning area in the frontal cortex of a normal monkey. During upper arm movements
electromyogram (EMGQG), recordings were taken from upper extremities, and at the same time
neural recordings were made from implanted recording electrodes in the frontal cortex.
Correlations between EMG and neural signals were obtained every 200 msec and used as
commands for robot arm movement. The monkey intentionally controlled the robot arm with
almost 100% success rate, without using arm muscles. Evaluate whether the following would be

true or false if this BMI technology is used for human.

(143) BT EARA G2 S 45 A 9T > 29T PR R —
R AR E AR H RIS S E s TR Yl & & B e 2R & - ' R ESE - JLEE
(EMG)SE#Ec st T2k - [EIIHRE Ay T E R S i ARV EERRECE% 2K - EMG F
FRESEHER AU AH B & DA 200 msec (D) WER—2R » WEAE Bt EanE Li5< - 5
— 3 WEFRL A DAEAEZ) TR T » RS E S E) - AR BMI RBHY
FAA NJE - 72 YIS IR - (o[ $55% -

Description it

I Immunological reaction is one of obstacles to overcome for future development of a

prosthetic device for patients such as Charlie.

AR Y R e R R AR S SR An A A R A N S (o I IRF A T3 AR S P RS v IR A B -

IT For accurate decoding of motor planning information, the number of simultaneously recorded

neurons should be increased.

FyRE IEMEN B SE R BN R B RV & ER > TR SCska Ot B e I -

IIT It is more difficult to design prosthetic robot fingers than a robot arm using this kind of BMI
technology.

FHIERE (BMI) FH5 > Zagfee th A\ DT 15 2 L0 A\ AR 35 S PRI -

IV This BMI technology is applicable to overcome Charlie’s language disability by decoding

motor production information.

It BMI FHE ] I i R A B A el = Pbbe R > BIRR S AV (S DI AR (]

V  The described BMI technology can be classified as a motor (output) BMI, while artificial

cochlea can be classified as an sensory (input) BMI.
byt BMIBHE nT s Ryje— T EE) (ft) 242 BMI - i ATHES (E+H) AlA]
SRR (A ) &7 BMI -
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B27. (3 points) A spinal nerve has four different kinds of axons carrying out physiological functions like
muscle contractions and cutaneous sensory, thermal and pain sensations. Myelinated, large-diameter
axons carry motor information, while unmyelinated, small-diameter axons carry pain information. An
electrophysiological experiment was carried out using an isolated rat spinal nerve. Four different
intensities of electrical stimulation were delivered to the nerve. Since the stimulation caused
simultaneous activation of all axons in the nerve, including both small and large diameter axons, we
observed different peaks (a to d) in the compound action potential (CAP) traces on an oscilloscope.
The averaged post-stimulus time delays of these CAP peaks were: @, 2 ms; b, 2.5 ms; ¢, 12 ms; and d,

55 ms. The length of the spinal nerve was 10 cm.

(3 53) —REBEIHACH 4 T EIREIRAYEIZE AT T R ETIRE - 40 AL PAUSCARE S SZ R HY
SR R - SRz ERESHE R - -~ A Hy Bz IR EE S -
SHEEEE AR R BT - DL 4 A FERR R ST e
FRYRDSE R BT RYEhZE[FERF90E(E - BRI SR a2 - TMm] DRz 28 BRI
HEEHBIFERAATE R AR EE@ to dyfRiEtt CAP JRIEN PR RIEIF LR a, 2
ms; b, 2.5 ms; ¢, 12 ms; and d, 55 ms ° [—FHKHEE & 10cm -
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B27.1. (1 point) Calculate the conduction velocity (m/sec) of the CAP peak a.

(173) 5T5IE CAP }Yig a FYEHERE CR/FD) -

B27.2. (1 point) After the middle part of the nerve is exposed to a local anesthetic that blocks Na*

channels, which of the following is expected to occur?

(153 ) T IR 6 o P T 3 408 R N oy 2 L Ry ) B R e 1 U N 71 e g i A 2

A. The height of all CAP peaks is reduced.
CAP HY& TRz I By K

B. The post-stimulus time delays of all CAP peaks are shortened.
BEREFTA CAP I 1% R B T A2 B e S -

C. Peaks are reduced and delays are shortened selectively in CAP peaks ¢ and d.
T CAP il ¢ Jz d of » FORIgE & [ H AR &8s -

D. Peaks are reduced and delays are shortened selectively in CAP peaks a and c.
£ CAP Jl a o ¢t » FORIgEE (R H AR &g -

E. Peaks are reduced and delays are shortened selectively in CAP peaks b and c.
£ CAP J7l& b Jo ¢ ot » HORIE S (X H AR e 8 -

B27.3. (0.5 point) Which CAP peak is response to painful stimulation?

(0.5 73 ) WE—{li CAP g /E BUmATRIEARA ?

B27.4. (0.5 point) Which CAP peak is responsible for muscle contractions?

(0.573) WF—{ECAPRZIEZELHL AU A FRE 2
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B28. (2.7 points) The figures below present the skeletal structures of Tetrapod anterior limbs. In the
figure, (&) corresponds to an early amphibian limb. The numbers and letter codes with each limb

represent different bones as indicated in the legend under the figure.

(2.753) TE RV e BVIRTATR & GRS - EB T (@ E R — &I AR - B TrY
By R RN E G B[R E S - HE RS TR -

H: Humerus, L& U:Ulna, K5 R:Radius, B85  C: Carpals, 5

M: Metacarpals, 25  S: Sesamoid bone, f& 15 1~5: Phalanges. il &
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B28.1. (1.8 points) Among the following statements, decide which statements are true or false?

(1.857) THIHIRGIL - o[ IEHE - o5 B4R 2

I. (c) and (e) show loss or fusion in the skeletons as compared to the ancestral condition.

BHHICAYIRIELES - () e (@BUNERAMAEmG 2R -

II.  (b) and (g) show adaptation for life in the ocean.
(b) Kz (BRI AR HENE -

II.  (b) and (d) shows convergent evolution of the skeleton.

(b) K (FE~EFSHYEEEL -

IV. (i) shows adaptation for grasping.

(DEURESE A EE -

V. The sesamoid bones in (f) and (g) are evolutionary reversals.

() K (Y (FET) FAEE b LRAHRAVEER -

VI. The figures show homologous characteristics of Tetrapod anterior limbs.

BEREIEE RV e BN R -

B28.2. (0.9 point) Which of the anterior limbs in the figure above show adaptation for flight or no

adaptation for flight? Indicate with checkmarks (V) in the appropriate box the answer sheet.

(0.957) f£_F [ —(ERTA B~ EBIER TE N AT > R B R BN E RS L -
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ETHOLOGY

B29. (3 points)

body, when they reach a specific age. The young then live in a group for a short time period and
disperse from the nest individually after the third molt. However, some mothers avoid matriphagy. If a

mother is not eaten by the first clutch, there is a 30% probability that she will be able to produce a

second clutch. The table presents demographic data for this species.

(357) {ELARB Ry &k o > T GRSERRLIZH A S e - BRI —ERVER Rk - 40
TR 56 =W e A& (8 SR R [ S MR - 28T A
AUz - A 30%HY IS BIE S

R AR AT BT AR - R A AR AE R
BRIk T R o S R AR S —

T NREUR IR RIRHRREY AV ER -

In matriphagy, a spider female is cannibalized by her offspring who attack and eat her

Clutch size

at emergence

Survival rate at

the 3" molting

Body mass

at dispersal

Survival rate

from emergence

HAERFESEA | /NERRAEZESS | FCBH%GIEEL | until adulthood
b :‘:/_’ (= EN En Nic=3 >
TR = )\%jﬂ%ivz IFHYHG B AR kS
(ERCES Kt ER
1* clutch with
matriphagy 100 95% 3.5mg 20%
F—EaEH
B
1* clutch without
matriphagy 100 70% 2.0 mg 10%
B—EAEM
RRRE
2" clutch with
matriphagy 40 95% 3.5mg 20%
E_EAER
R
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B29.1. (1 point) If spiders avoid matriphagy and attempt to produce a second clutch, what is the total

clutch size, on average, that these spiders would produce?

(157) SRR S T B A S & B - RIS Rk I FraE EE T AVAETE
O () BoRfar ?

B29.2. (1 point) Calculate and write down the reproductive success of the two strategies in which a

female spider

(153) FTEICE L EHRAE L —fE A [FRY SRS T > HETERIHIEER -

(i) produces only a single clutch and is cannibalized, or

FEE N —E TR T2z - B¢

(i1) avoids being eaten and attempts to produce a second clutch?

R —E TRz EREEE —E ?

(Reproductive success refers to the mean number of reproductively viable offspring on individual
produces.)

(BFEREh R TE Rk AT 2R 2 A T REEEE RS - BT DI 8 E - )
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B29.3. (1 point) From an evolutionary perspective and given the constraints above, which behavior
would be selected for?

(153) B EFIFrERAYRAIRA:  slHECAVERCE  W— T R & R IR AR ?

A. The female does not allow matriphagy because the behavior decreases her survivorship.

MRS A EE Iz - R R T R (A e -

B. The female leaves the nest before emergence of the young from the egg sac.

e AT~ DN BRI BT TR i 21 -

C. The female is eaten by its second clutch after leaving the first clutch just before
matriphagy.

e A 25— - (R I ATl B e SR i Ui -

D. The female is eaten by its first clutch.
MRS R S — By Tz -

E. The female does not produce the offspring which cannibalize the mother.

MRS A A G2 RER A 71X
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B30. (2.6 points) Honeybee workers (Apis species) perform dances to transmit information about the

distance and direction of the food source.

(2.657) ZIETIE (EIEE) GREFHEAEIERA R |V &R B R AR &7 R EER -

B30.1. (1 point) What is the primary sensory mechanism involved in this communication between

colony members in the nest?

(197) ERPHYEREREE T - Ty Ry £ Z AR % 2

A. Acoustic JEZ&
B. Gustatory A2
C. Olfactory IZ&
D. Tactile &2

E. Visual fHZ&
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B30.2. (1.6 points) The previeus figure below shows the location of 8 food sources (1~8) relative to
the hive. The next figure shows a waggle dance pattern for food source 1. The dotted line indicates

the direction of gravity.

(1677) TEBUNEHEITTAERYEIR(1~8) - F MEBUNERH B eV E IR ATRE
FERESER o ERFRIL LS (D) B -

Match each food source direction with its corresponding waggle dance pattern in the following

figures.

F T3 IATEA RIS R AR I H e S EL eV R R E 5 [ A R
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B31. (1.5 points) Over a number of generations, two strains of rats were selected in a normal environment
for their increased or decreased maze-learning ability: ‘Maze-bright’ rats vs. 'Maze-dull’ rats. For the
experimental test, rats from each strain were reared in three environments that differed in the amount
of visual stimuli present: restricted, normal, and enriched. The graph below shows the behavioral
performance of adults in terms of the number of errors committed in running a maze for the
maze-bright and maze-dull rats.

(1.597) MEBARETHRR R =EINES » (OB SRV EIERER « EAWEL R B
ERE IR B E R =R MAE R o R TRV E R > WA E S Z 0 B &
FESTEA [FERERSE D SRS RSN - ZIRAY ~ EEAIREER - MTEERZ
Z (BRI RORA) ERBSAEE R E 1T Ry (JUEERED) BRI -
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Mark whether each of the conclusions below is true or false by putting a checkmark (\/) in the

appropriate box in the answer sheet.

TEEZS L) THIRIGS R & Ry IERE - (0] Robliast o

g:l: 24

Conclusion 452

L

This experiment proves that selection for a behavioral trait leads to genetic differences

between strains.

S—E IR T Ry B IRV AR n B L A R HYE R -

IL.

If the two strains of rats are raised in a normal environment, the two strains make a similar

number of errors.

I AR AR R IR B AVEREE T A i 2 BEUE A R S LR AR AR RS -

I1I.

This experiment shows that exposure to visual cues during early development influences

behavioral performance in adult rats.

S EREUREE B TS B R TP &G T LRI G B AR ARG 1T R YR -

Iv.

The threshold amount of visual stimuli that markedly improves adult behavioral performance

is different for maze-dull and maze-bright rats.

B AR T R R R B AW i AV Bl (NI R ) PR A 222 -
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GENETICS AND EVOLUTION E{HELE(L

B32. (2 points) The fruit fly Drosophila melanogaster has a XX -XY system of sex determination. The
Y chromosome determines maleness in humans, but not in Drosophila. Instead, sex determination in
Drosophila depends on the ratio of the number of X chromosomes to the number of autosomal

haploid sets in an individual fly.

B XX-XY ZSACRENER - Y FOie e NI e e - (EAERMERRAE ¢ RIEELL X
Femfa i H EE R EBAILE R > ACRE MR -

The table below describes five mutants whose sex-chromosome complements and haploid sets of

autosomes differ from the normal condition.

NRECE AR IEZEE - SR BRI AR e R E R R B

Sex-chromosome complement Haploid sets of autosomes
PEA ARG R HEROREY
A X 2
B XXY 2
C XXX 3
D XXXY 3
E XX 4

Indicate with a checkmark (\/) the sex phenotype of all the mutant flies.

HEn FARZE S R » TEE BN IEAIEI T (V)
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B33. (2.4 points) The following statements concern evolutionary patterns of animal morphological traits.
Mark whether each statement is true or false by putting a checkmark (\/) in the appropriate box on the

answer sheet.

DUN it BAg e RE R B B = UARE - IR T YNBSS - fEEFEER IE

B F $EER MUBEERTPITEN) -

Statements F{#it

I. Evolution is invariably a phenomenon with direction; therefore, morphological

complexities evolved from simplicities.

BRI RIS | AL > fEPRE BB i B A

II. Genetic mutations always lead to morphological changes.

g S il e ES G M i NP

III. Increases in animal body size are not universal within evolutionary lineages.

BIVIRGILR IR > AR b A A

IV. Morphological changes of individuals do not result from allometric growth, the

differential growth of body parts.
{EBG T REE2_ EMECE A AR RS RA RGN - BREREESRSEAE

RAVERE

V. Chordate species are more similar in the embryonic stages rather than in the adult stages.

FRBYIT ARG TR UE - 2R R

VI. Phylogenetic analyses have revealed trends of morphological evolution in some lineages.

NGl ot M nt Spay I SR NanB =) ey A i D c e

57



IBO2010 KOREA
THEORETICAL TEST Part B

B34. (3 points) The following tables present results of plant crosses involving three linked genes: F is a

flower-color gene, S is a seed-color gene, and L is a plant-height gene. Each gene has two alleles with
one allele exhibiting complete dominance over the other allele. Dominant phenotypes are red flowers,
yellow seeds, and tall plants; recessive phenotypes are white, green, and short, respectively. Assume

that crossing-over between two genes occurs once.

IS RBUNE S (AR R NIV RS R - F B ERN > S BEAZBERN - LE

fEAR S A o S {E AR R A AR T —(E ¥ S5 — (B2 5o A - BRI A 4L
1t~ =i foE 3 RMERAGBAE ~ SRR ROERE - BEe i AN 34— A -
Parents Red flower / Yellow seed (FfSs) X  White flower / Green seed (ffss)
A KLAE / =R (FF/Ss) X HAG / &kHEEZ (ff/ s9)
Red flower / White flower / Red flower / White flower /
F, phenotypes
— Yellow seed Green seed Green seed Yellow seed
F K== - - o =
GIAE / =M BAE /SRR QIAE / &RMERZ |\ BAE / sl EY
Frequency of F;
0.49 0.49 0.01 0.01
F1 S
Parents Tall height / Yellow seed (LISS) : self fertilization
A i/ wiEg (LISs) BReZiE
Tall height / Tall height / Short height / Short height /
F1 phenotypes
Yellow seed Green seed Yellow seed Green seed
Fl %‘(}FU = £ = -644 -PP
mE / EMEE | S/ GEE | RBRE ) EiEE | B SRR
Frequency of F;

0.51 0.24 0.24 0.01
Fl JE%
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B34.1. (0.9 point) Indicate with a checkmark (V) in the answer sheet whether each description is true

of false.

HIEN TR B ¢ 8 - (EEEGIEER T AN -

Description it

1.S is closer to L than to F.

S iH@E L ChrERE F 4T

II. Some of F; plants with tall height / green seed are due to crossing-over.

HOFEVIEASE / GRS &4 R

II1. Crossing-over occurs at prophase of meiosis I.

H RS A NS — OB AT R

B34.2. (0.8 point) How many genotypes can be observed in F; plants having tall height/yellow seed?

EFEYTERE B / JSEN WERASZ/VE?

B34.3. (1.3 points) Calculate the map unit between gene L and gene S. (One map unit = distance of 1%

recombination)

sPRER L EER S MAvEEEA (1 HEEET = 84 1% HHAOER
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B35. (2 points) Shown below is a pedigree for the genetic trait PKU (phenylketonuria) that is caused by
a recessive mutation of the PAH gene (that encodes phenylalanine hydroxylase). Under the pedigree
is the RFLP (Restriction fragment length polymorphism) pattern of each individual for the PAH gene.

II-2 individual has the PKU.
TEZBER—APKU (RN EHIR ) E FH R EIVEE £ PRUH—PAHE R CEN & MG F LG~ 4wt

FEPRDIVRERMEZE AT [ - 35 4B N 77 R APAHERIYRFLP(FRHIEG 5 B RS 2 BT T)

ZEER o 112 {ER RPKUEE -
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B35.1. (1 point) The RFLP phenotype for individual II-2 is not given. From the gel shown below
(A~D), choose all the patterns that would be a correct match for 11-2.
B A N-2 {ERSHYRFLPREL (T EA~DHVEX B &R E T B RAEIEREI & 11-2
YRR

B35.2. (1 point) The RFLP phenotype for individual II-4 is not given. From the gel shown below,

determine whether each molecular phenotype (A~D) could be a possible match for 11-4.

B 24 11-4 {ERRAYRFLPREL (T EREXE R ERE T - REA-DIEHESTRE

REHRER 14 e

<Example>
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B36. (2 points) 10° cells of a triple-mutant yeast strain (leu” his  trp’) were spread either on minimal

medium or on minimal medium supplemented with various combinations of histidine, leucine, or

tryptophan. The cultures were grown at either 25°C or 37°C for 3 days. Colony numbers in each plate

were counted, and the data are listed in the following table.

R =gz (leu his trp )X EERIEIMRAY 10° (E4HME - BEEABESRIIAHER (his) -

HER(leu) - R (trp) EEARRE L £ 25°C B¢ 37°CiEE 3 Rik » BEERNE%EHE
BCERI TR

Supplements Number of colonies
added on minimal medium e
IIAFEASEERL Z ) 25°C 37°C
None it None it None it
His, Trp None None
Leu, His 8 7
Leu, Trp Confluent 11
Leu, His, Trp Confluent fii%% Confluent fii%%

B36.1. (1 point) What kind of mutation most probably causes the his’ phenotype?

FES [#Ehis HUREY » A FIRESR ARV R (TTESEE 7

Missense mutation

m o 0w »

Nonsense mutation

Conditional mutation {&{FZE58
Deletion mutation Fhaezess
Point mutation Hhoe

5
i
i
i

2y
5l
S8
ot
i
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B36.2. (1 point) What type of mutation most probably causes the leu” phenotype?

FES[#Eleu HYRAY - B FIRER ARV AIREZEE 7

A. Conditional mutation {225

B. Deletion mutation N <5

C. Point mutation Bhzess
D. Missense mutation TR
E. Nonsense mutation RS L Ze s
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B37. (2 points) Human ABO blood type is determined by two genes (H and I). First, the H gene codes
for the antigen precursor. The dominant allele (H) leads to expression of the precursor; the recessive

B
, |

allele (h) does not. Second, the | gene has three allele forms, 1*, I® and i, and determines blood type

(A, B, O or AB).

NEABOMAH —HER(H K AE - B HER KRB ERHESE - EEEMEERH)

EFEILERYES - BEHEERGOAIRE - £ JEEA -~ 1° - R IZEEEED

ZI(A, B, O B AB) -

A male with blood type A and a female with blood type B marry. Each of them is heterozygous for
both the H gene and the | gene. What is the probability of having a son with blood type O? Give your

answer as a percentage (%) rounded to an integer (without any decimals).

FETMAR AR H— BRLTES  WMAZ H ZRkK | ZRERRIUST - fI5Z TR O
BRIETHRER R ? B IR AR B (R R/ NBREAY E 73 EB(%0)RoTs -
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B38. (2 points) The presence of a beard on some goats is determined by the B (beard) gene, which has
two alleles: beardless (B¥) and bearded (Bb). The BP allele is dominant in males but recessive in
females. F; progeny were born from a cross between a beardless male and a bearded female; F,

progeny were produced by crossing two F; individuals.

R [ REES T REBERAE  BERAFREFBREHTB)WEEHEEA - B HE

FLNFEREFE RBAME - FEMEFE R BB E - B — S T I B A B T M-SR EIF X -

A beardless male (&) x A beard female (Q)

T x AR

Fi xF,

F,

Mark whether each statement is true or false by putting a checkmark (\/) in the appropriate box on the

answer sheet.

HIET T SIRR TERE 8 $5RR > (EA BB ERK T AN) -

Description ffjift

A. F1 females have beards. Fl i EHE &1

B. One half of F2 progeny have beards. 1f F2 7~ h—FFET
C. One fourth of F2 females have beards. £ F2 7-(XMfi=Eh > 1/4 B 55T

D. The beard gene is sex-linked. S FERE MR EE

E. The beard gene is inherited according to Mendel's principles.

B AN AR L S e
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B39. (3 points) You sequence a 16 bp DNA molecule with the Sanger DNA sequencing procedure.

Shown below is the high resolution electrophoretic pattern of the fragments. As you can see, the

ddCTP lane was damaged.

{IRFA Sanger fJ DNA /2K —
&% > EHH ddCTP —fl=Z1E T -

16 bp Hy DNA 73 73EFr » NEIBURS F B E BT RE =K T

| ddGTP

ddATP ddTTP ddCTP

—

H

)
>

1

B39 .1. (1 point) Indicate with a checkmark (\) which of the following components are required in the

reaction mixture containing dd

£&% ddGTP YK fER &Y+ -

GTP?

THIRRSE BE & ABE  AERBEEK T A) -

Component [l¢457
A. DNA polymerase DNA &
B. Primer 5|F
C. dATP dATP
D. dGTP dGTP
E. Template DNA to be sequenced ZE7EFEHIIEK DNA
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B39.2. (1 point) How does the absence of a 3’-OH group in ddNTPs affect DNA synthesis?

FE ddNTPs /DT 3°-OH - G % DNA HY&HK ?

A. Tt promotes DNA breakage. EE £ DNA B
B. It prevents the proper base pairing. T Ot s (RO

C. It destabilizes the phosphodiester bond. B {fillL RSN EE
L

D. It activates nucleases. (AR WAL LTS

E. It prevents phosphodiester bond formation. ‘=& {% ([ ik Esf A 4= Bk

B39.3. (1 point) What would be the correct DNA sequence?

T5a & R IERERT DNA P51 ?

A. 5-AGGCTACCAGAAATCC-3'
B. 5-CCTAAAGACCATCGGA-3'
C. 5-GGATTTCTGGTAGCCT-3'
D. 5-TCCGATGGTCTTTAGG-3'

E. 5-TGATGGTTTTAGG-3'
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B40. (2 points) Answer the next two questions using the genetic code table provided below.

T T Y 2 (e R [ 5 1 T e T
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B40.1. (1 point) Which of the following mutations would create new template DNA from which the
shortest peptide would be translated?

NI feI e A AU ADNA - MR E R Y 2k -

5-  ATG GCT GGC AAT CAA CTA TAT TAG -3’

Template strand DNA

. 3- CGA CCG TTA GTT GAT ATA ATC -5
Sequence THEARDNAJFEY
Nucleotide numberfZ £ & #: 1 4 7 10 13 16 19 22
A.a deletion of nucleotide number 7. 57 ERERYERR

B.a G—C transversion of nucleotide number 9. % 9 % HEG—CHI AT

o,

C.a G—A transition of nucleotide number 13. 5 13 ZEHEEG—ARYE A

D.insertion of -GGT- after nucleotide number 5. 25 5 #ZElE1% /7-GGT-AYHE A

E.a T—A transversion at nucleotide number 18. =5 18 % EHRET—AHI G AT
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B40.2. (1 point) A series of point mutations occurred in a bacterial gene, resulting in the substitution of

amino acid residues in the order shown in the diagram below.

FEANE RN S — 2 Y B2 - IR AR TR B > HF AT N EFTR -

Which amino acid in the diagram can have more than one option for its codon given this particular

process of point mutation?

[ R E R A B o FRRFE LR IRAR e R IB AR > HARES T g E R r A A —(EL

EHVEERE?
A. Gly

B. Arg

C. Ile

D. Leu

E. Lys
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B41. (2 points) Suppose you have a population of flour beetles with 1,000 individuals. Normally the
beetles are a red color; however, this population is polymorphic for a mutant autosomal body color,
black, designated by b/b. Red is dominant to black, so B/B and B/b genotypes are red. Assume the

population is in Hardy—Weinberg equilibrium, with f(B) = p = 0.5 and f(b) =q=0.5.

(ki 52 S a2 R EF A 1000 & (G - IEF R & RBALE  AAMILHREZ AN - BARER

K

HEOEDR RBb/OHRE A RS ZEEE - AL O BN - SR N AYB/B and B/b B RIF HALE: -

EELREF T E e Pl - EFBRYSEARAB) = p = 0.5MbHIARL(b) = g = 0.5,

B41.1. (1 point) What would be the expected B and b allele frequencies, respectively, if 1,000 black
individuals migrated into the population? (Assume that all other Hardy—Weinberg conditions were

met.)

1000 B ([HESFE A LLHERES > HIB and bAYTEIIER 73R Fs%/D 2 (R ST & HAzlE

SHFER)

B41.2. (1 point) What would be the frequencies of B and b alleles respectively, if a population
bottleneck occurred and only four individuals survived: one female red heterozygote and three

black males?

ERRRR AERSE - HIER4EERE - K1 E MO RS T - SE /B OHLE

{El#S > RIIB and biAER Y HI K250 2
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ECOLOGY 4:gE&s

B42. (2 points) Island biogeography theory states that the number of species on an island is determined
by immigration rates of new species to the island and extinction rates of species on the island.
Immigration rates to an island decline as its distance from the mainland increases, and extinction rates
decrease with increasing island size. When the immigration and extinction rates on an island are equal,

the number of species on the island reaches equilibrium.

(257 ) B YIS0 TEER DR SR HIYIRE R e AL SRV ZRRELS 1 F IR AR
CEARFTRCE - BT A SRR G R E BB R L R REEE RS AR L TRAE R A e
SSELETEHIEANTTRCD - B — B LAV ARBUHGE XM ER - S LAYIEEZ R PEIRRE -

Give the correct equilibrium number of species (S;~S4), in the answer sheet, for each of four islands
with different combinations of distance (near and far) and area (small and large) as shown in the

figure above.

&L 5T P45 (S1~SOME e EAVRERE (¥ /E) BlEfE (/NEX) BIRA% -
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B43. (2 points) The contents of 3 soils (a, b, and ¢) were examined for soil pH and amounts of
acidic cations (H', AI’") and other cations (Ca*", Mg®", K", Na"). The figure below shows the
results of that examination: the white and shaded portions of each column represent the amount of

acidic and other cations, respectively. (Values given are in units of centimoles/kg.)

(2457) Hxl5 3 18 +3%(a, b, and o TpH R BN 2 BEMERS B T-(H', AL R ELA RSB 7(Ca™, Me™, K,
Na"Z 8 & - TEBEEEREER  HREY - AT RgIEGESE T - AaFRrE MG (B
HATEERINT)

a b C

10

pH=55 pH=65 pH=65

For each description below, indicate with a checkmark (V) whether it is true or false.

THIRG e > 2B o] TR - (]S -

Description it

I. Aluminum toxicity tends to be most severe in soil a.

Sy EAE T Barb Y

I1. Soil b contains the most nutrient minerals plants can use.

10D B BB 25 ST AR PR S R -

III. Anions such as NO3;™ and PO, tend to be retained in soil more than cations are retained.
P2HET2INOs™ K POy B[5HE T (M TP R FAVE S -
IV. As more H" displaces other cations, the soil becomes more acidic.

B SHTH HU AR T - TR -
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B44. (2.2 points) The figure below shows standing biomass pyramids of two ecosystems, each with

four tropic levels.

(2.2 97) TEER(AERRNEYERE - FELRLASH 4 (H2EEE -

a b

: :

]

B44.1. (1.2 point) Which of the following explanations are true or false? Indicate with a checkmark (V)

in the answer sheet.

(1.243) FHIRCRETE ERE &R - HEE RS LAEN)

Explanation it

[.Pyramid a reflects energy losses due to respiration within trophic levels and energy

losses during energy transfer between trophic levels.

FeraBURAE BRI H S FS B HR /R F A RE EAE A (R B P e h Y R

II. Pyramid b represents an ecosystem with fast turnover in the primary producer level.

SEDBERAE L AR RE A P RSN A B VAR R

III. For each ecosystem, its energy pyramid is opposite to its biomass pyramid.

FEEELRRE T - HEE A Z e BB EEA YIRS M1 -

IV.For both ecosystems, production efficiency becomes higher as the trophic level increases.

R EAERRT - EEBEEETIER - HAESCRINES -

B44.2. (1 point) Assuming an ecological efficiency of 10% between trophic levels, how much net

primary productivity is required to harvest 2 g C/m? annually from the tertiary consumer level?

(153) e EAFEREEEREME - HARIEERH10% » SERBE =JoHEE TR
FEAEET2 g Cm’ ] (FREIR2FEHINR) - HIFEH 2/ DI AL B Ry dhit
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B45. (2.8 points) Recent changes in the mean global temperature are largely attributed to increases
in levels of some atmospheric gases and aerosols(small panticheosuspended in air), many of which

have been generated by human activities.
(2.8 73 ) ARV FORAICCEE £ 2R B HLL R R BV RAS SOEFR (TE22 58 A/
FERL) > Hor 22 EH AR S HEEE) -

B45.1. (0.8 point) Evaluate whether the following statements are true or false in relation to the role of

these gases and aerosols changing global temperature.

(0.857) HlET TS5BS B 5 Pl B e BRSRU P Z BRMARRCHL - (7] IERE > {7 Bk

I. These gases scatters short-wave radiation emitted from the sun.
BERASE EC H R RS
II. These gases absorb and re-radiate infrared radiation emitted from the earth’s surface.

15 SR AR IR SO PR R B R 2 AR VALY MR RS

III.  Aerosols prevent heat convection into space.
MRS 1 B EIRZE T -

IV. Regardless of the presence of gases or aerosols, solar radiation itself has increased

recently.

KIGA SRR AR S TG I - SR i5 L

b A RO BRIP4 -
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B45.2. (2 points) For each statement below, choose from the following list of gases the one that is

most likely to be related to that description.
(273) HTERT Ay RSB B N 5 i R FHRR -

<List of gases>

a. Hydrofluorocarbons (HFCs) b. CH,4 c. CO,
AmIREY)
d. N2 c. 03 f. NZO

Description it

I.The gas largely derived from fossil fuels and clearing of forests that contributes the most

to global warming.

IHESREG £ E AR B AR S iR R AR PR G SR R IS e BRI ALY A
II. The gas with the highest global warming potential (compared to CO,).

IERASELCO, ELE B A IS R BRI b i RHYVERE -

III.A gas that in the stratosphere is essential to support human life on earth, while in the

troposphere it exerts harmful effects on humans.
—HEREGAE [EDRE T - R S aniy OReEAE E B (BAERIR S A AEE
HERR -
IV.A gas that is not thought to contribute to global warming.
— TR R I BRI L A B RS -

V.A gas derived from landfills and the livestock sector that has increased most rapidly in

the past 200 years.
— B R T B LTS 4 - 1E 22 2004ERA BB AN -
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B46. (2 points) The picture shows a schematic representation of the production of three well-known trees

of a deciduous forest. The production is indicated in kg dry mass per hectare per year.
(2 53) TEBREREARMS 3 5 NZIAVETEREEE - B4 L A FE A EE YR T
()

Calculate how much of the total production comes from above ground woody parts.

stEHRI EFrARNESHHEESR -

Give your answer as a percentage (%) rounded to an integer (without any decimals).

EFHLNESLLOOMIT - DT ADIBERRT -
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BIOSYSTEMATICS

B47. (2 points) Figures a and b show the characteristics of a cactus from the American desert and a
spurge from the African desert, respectively. An evolutionary mechanism has been proposed to
explain the morphological similarities between these nonrelated species. That same evolutionary
mechanism has been reported to operate at the DNA sequence level.

a FySRMNVDERIAZ - [Eb R BN ER AT o FB L] AT P 2 AR Ree Lt R AR S A BE R
AP Ry (T AR U RE - i HDNARIt A HHIE s B -

a. Cactus{il] A& b. Spurge K&k

c. Molecular evolution model4r+JE{EIER
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Which of the molecular evolutionary trees shown in Figure C is the best molecular model of the
morphological evolutionary mechanism that we observe in the cactus and spurge? The symbols A, C,

G, and T on the molecular evolutionary trees represent DNA bases.
EEME o o W—{Er TR bR AN Z R R P RR B A bR i R oy 1= 2 o7 E
fif_ ERVRFSRA, C, G, and TAURAVEEA

A. Tree (a), 1 with 4.

B. Tree (b), 1 with 2.

C. Tree (c), 1 with 5.

D. Tree (c), 2 with 3.
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B48. (2 points) The following figure represents a recent phylogenetic tree for the animal kingdom.

Carefully observe the tree topology, and answer the following questions.

NE REI SRR R o fFaite SRR i > WEEIE LU

B48.1. (1 point) What are the most appropriate synapomorphic characters for the numbers (1) and (2),
respectively? Mark appropriate boxes with a checkmark (V).

THNIE S RIRE LS TAI() & QBREEEOTH] 2 ERE R TITAN)
A. Segmented body 18 = vax:l

B. True tissue differentiation ELFJ4H&R T
C. Embryogenesis IhGEE4

D. Bilateral symmetry  WifHI¥IFE

E. Exoskeleton development  4MEEEEH
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B48.2. (1 point) Which of the following groups are members of Deuterostomia (taxon number (3))?
INHIREEEEE 1% AR B G B R Y 73 5T (3))

A. Echinodermata, Arthropoda. FE7EhY7) ~ Gl EIY)

B. Echinodermata, Chordata. Jifi f7&h¥) - HZEEHY)

C. Mollusca, Arthropoda.  #RAZENY) ~ BIHLENY)

D. Annelida, Mollusca. IBE[@EHY) ~ #EEE)

E. Chordata, Mollusca. &HZEEY) ~ #EEE)
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B49. (2 points) The Influenza A virus is responsible for annual flu epidemics and for occasional flu

A

pandemics. Influenza A has a genome composed of eight RNA strands that encode a total of 11
proteins. Influenza A strains can be classified based on the combination of two coat proteins,
Hemagglutinin (H1~H13) and Neuraminidase (N1~N9). In this way, various flu types such as HIN1,
H3N1, H7N2, etc. can be recognized. The virus strains also can be classified by the host animal. The
following figure represents the phylogeny of flu viruses based on the nucleoprotein gene of the flu
virus genome. Indicated for each viral strain is the host species from which it was isolated, the year,
and the type of Hemagglutinin and Neuraminidase it carries. Indicate with checkmarks (\/). whether

the following statements are true or false.

RORATIE RS B TR E TR > HARM e Z e, - ARDRITIE RS 2N
BHE 8 WRNAR > fAHEZFINMEESHE - HOa R TIREWEESEHMAEASER
(Hemagglutinin) (H1~H13) k. &Rz R4S (Neuraminidase) (NI~NOAJHE I - AL AT 53 H
SRR A GIZIHING, H3NT, HIN25F - i sbip e i St n] -7 £V N E(CFRRE
AT VEEE R Ak N By R R 1 B AR R P 15 Z 8 4% Bl {2 f8f > DL & Hemagglutinin and
Neuraminidase FTFAHAERS o BT FIRGRIVES S - AATEE 22 BHITAN) -
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I.  The avian flu virus consists of the most diverse types, and some avian flu types also are
found in some mammalian species such as whales and dolphins. Therefore, the avian flu
virus represents the most archaic type of flu virus.

SRR T E AR AR AVEAY - HA S A R A T PSR AN O . - ISR
B B (R IR 3 i o 2 RS

II.  The phylogenetic tree suggests that the host shift and genetic recombination of flu virus have

occurred between birds and pigs.

AR (AU 37 L SO R sy B [ 34 B S8 b

III. The virulence of virus can be changed rapidly by host shifts and mutations. Therefore,

vaccine developments are relatively difficult compared to other common diseases.

TP AT Ay L AL R oo B RS IR e S e EE LAt o R DR

IV. Swine flu strains are phylogenetically more closely related to the human flu strains than to

other strains.

TR Z B A SR IRt 21 AR 4 B (A At o 2 T
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B50. (1.5 points) Following table summarizes the main characteristics of the four major phyla of seed

plants. Check (\/) in the answer sheet whether each characteristics is absent (—) or present (+) for A~E.

NHFRASE T EYRI O E LR - HESPIREZ A (), ) HEREAEEERE -

Character Flagellated Vessel in Development of
o Double Flowers
B | sperm o xylem _ the secondary
- fertilization . and fruits
Phylum iCELEASE e REHE P xylem
B LT
i =2 = RAEREHHE
Cycadophyta n B _ _ _
wReEM
Ginkgoph
nkgophyta A _ _ _ E
PRATFT
Pinophyta _ _ _ D +
FRFT
Magnoliophyta _ + C + +
e rtEYIrT
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B51. (2.4 points) All organisms use carbon as well as energy in order to live and function. Organisms
can be divided into four nutrition modes based upon the species’ main sources of energy and of

carbon.

BT A7) & FE A bR B RE B DAMERF AR 7 S 2B BERE - AR PIARIB YT 1 S e B By A - 0]

7y R PUrE & T2 -

B51.1. (1.2 points) From the following list of nutrition modes, fill in the answer sheet with the correct

term corresponding to each combination of carbon and energy source.

M ESEEETTI > SRR LHEAYEEHER BB AR E -

<Nutrition mode>
I. Photoautotroph, J:H= I1. Chemoautotroph, 1k
2y
I1I. Photoheterotroph, ¢ IV. Chemoheterotroph. {k
BRE
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B51.2. (1.2 points) From the list of organisms provided, choose two organisms belonging to each

nutrition mode.

T T FIAEY S A Y SR T 2\

<Organisms> 49
a. Cyanobacteria, EE4EE b. Green nonsulfur bacteria, %%EIERR{EAH
c. Purple nonsulfur bacteria, ‘2 IEREANEH d. Fungi, E&
e. Most archaebacteria, AEB7 i dHE f. Most plants, K457
=k
g. Animals, #h¥) h. Nitrifying bacteria. #F{E4HE
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B52. (2 points) The following figure represents a recent phylogeny for the plant kingdom.

T ERFRIEYI AR R (5

For each number (1)~(4), select the appropriate apomorphic trait from the list provided.

HNYICTER PR EE = -

< Apomorphic traits >{)74= 5512
A. Leaves with well-developed vascular bundles,
HEHGEREER
B. Embryos, PRi&
C. Seeds, f&ET

D. Vascular tissues, #4E% gE4H 4%

E. Phragmoplast. 4HHfEEGG RS

88




	Indicate with a checkmark (√) in the answer sheet whether each description is true or false.
	B34.1. (0.9 point) Indicate with a checkmark (√) in the answer sheet whether each description is true of false.
	判斷下列描述的 對 或 錯，在答案卷的適當格子中打勾(√)。
	B34.2. (0.8 point) How many genotypes can be observed in FR1R plants having tall height/yellow seed?
	B34.3. (1.3 points) Calculate the map unit between gene L and gene S. (One map unit = distance of 1% recombination)
	計算基因 L 與基因 S 間的輿圖單位 ( 1 個輿圖單位 = 發生 1% 重組的距離)

